Introduction
============

Clinicians often encounter cases of pulmonary lymphangitic carcinomatosis when treating patients with cancer. When the condition develops during cancer treatment or near the end of life, it can be immediately diagnosed based on its clinical course. However, when lymphangitic carcinomatosis develops before the diagnosis of cancer, its diagnosis is often challenging. The differential diagnosis includes pulmonary infection, pulmonary edema, interstitial pneumonia, sarcoidosis, pulmonary alveolar proteinosis, and so on.[@b1-ott-12-2089] Numerous patients with lymphangitic carcinomatosis develop respiratory failure at the time of diagnosis, and emergency treatment is required in such cases. The prognosis for lymphangitic carcinomatosis is extremely poor, with a mortality rate of approximately 50% within 3 months of diagnosis based on one study.[@b2-ott-12-2089] Therefore, immediate diagnosis and treatment are essential. Herein, we report two patients with colorectal carcinoma diagnosed after the identification of lymphangitic carcinomatosis, which achieved complete remission with combination anti-epidermal growth factor receptor (anti-EGFR) antibody therapy.

Case reports
============

A written informed consent was obtained from the patients for the publication of this case series along with their data. The institutional review board of Showa University Koto Toyosu Hospital does not require an institutional review for case reports.

Case 1
------

Patient 1, a 74-year-old woman, presented with cough and dyspnea that had persisted for 1 month. The symptoms began mildly and then worsened. Rales were not audible on auscultation. Her abdomen was mildly distended, but not painful. Blood test results showed a mildly elevated white blood cell (WBC) count of 9,780 (normal range: 3,500--9,700)/μL and C-reactive protein (CRP) level of 1.52 (normal range: 0--0.3) mg/dL. The carcinoembryonic antigen (CEA) level was also elevated at 49.3 (normal range: 0--5.0) ng/mL. Computed tomography (CT) scan revealed scattered nodules in both lungs, with thickening of the bronchovascular bundles and peripheral interlobular septa ([Figure 1A](#f1-ott-12-2089){ref-type="fig"}). Marked thickening of the wall of the sigmoid colon was observed, indicating a primary tumor, and this was surrounded by a high-density area and air. Multiple nodules were also present in the lymph nodes and liver. Colonoscopy (CS) revealed a circumferential type 2 tumor in the sigmoid colon. Biopsy results revealed poorly differentiated adenocarcinoma, and results of the genetic screening showed wild-type RAS. Therefore, the patient was diagnosed with unresectable advanced carcinoma of the sigmoid colon with lymphangitic carcinomatosis.

Because microperforation of the sub-ileus was observed, decompression with a transanal ileus tube was started on the day of admission, and a transverse colostomy was performed without resecting the advanced carcinoma of the sigmoid colon on post-admission day 12. During this time, the patient's respiratory status gradually deteriorated, with an arterial oxygen partial pressure to fractional inspired oxygen (PaO2/FiO2) ratio that decreased to 273. The patient was diagnosed with respiratory failure due to lymphangitic carcinomatosis, and treatment with dexamethasone 2 mg/day (which is equivalent to prednisolone 13 mg) was started on day 15; however, the patient's dyspnea did not improve. Treatment with morphine slow-release tablet 20 mg/day was also started on day 18, and the dose was temporarily increased to methylprednisolone 160 mg/day, which is equivalent to prednisolone 200 mg. At this point, the patient's Eastern Cooperative Oncology Group Performance Status (ECOG PS) score was 3, and the PaO2/FiO2 ratio was 250. After the risk had been fully explained to the patient and her family on day 24, FOLFIRI plus cetuximab therapy was initiated (irinotecan 150 mg/m^2^, bolus of 5-FU 400 mg/m^2^, infusion with 5-FU 2,400 mg/m^2^, leucovorin 200 mg/m^2^, and cetux-imab 500 mg/m^2^). Dyspnea gradually improved immediately after chemotherapy on day 29 (PaO2/FiO2 ratio =319), and after the second course was started on day 38, the patient's ECOG PS score had improved to 1. Dyspnea was resolved with such treatment. Thereby, the patient was discharged on day 43. Response evaluation CT scan after the third course showed that thickening of the peripheral interlobular septa in both lungs had improved. That is, only mild thickening was observed ([Figure 1B](#f1-ott-12-2089){ref-type="fig"}); after the seventh course, thickening had disappeared completely ([Figure 1C](#f1-ott-12-2089){ref-type="fig"}). Tumor shrinkage of the target lesions was also observed ([Figure 1D--F](#f1-ott-12-2089){ref-type="fig"}), and no new lesion appeared. Along with the clinical complete remission of lymphangitic carcinomatosis, which is one of the non-target lesions, a partial response was observed after the initiation of combination anti-EGFR antibody therapy according to the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria. Twenty months after the start of treatment, recurrence of lymphangitic carcinomatosis was not observed.

Case 2
------

Patient 2, a 46-year-old man, presented with fever and dyspnea that had persisted for 1 month. His dyspnea began mildly and then worsened. Coarse crackles were audible in both lung fields on auscultation. His abdomen did not appear distended, and it was not painful. Blood test results showed that his WBC count was 8,070/μL, which is within the normal range. However, his CRP level was significantly elevated at 10.80 mg/dL. The CEA and CA19-9 levels were also significantly elevated at 49.3 ng/mL and 318,190.1 (normal range: 0--37.0) U/mL, respectively. CT scan revealed scattered nodules and ground-glass shadow in both lungs, with thickening of the bronchovascular bundles and the peripheral interlobular septa ([Figure 2A](#f2-ott-12-2089){ref-type="fig"}). Marked thickening of the intestinal wall near the hepatic flexure of the transverse colon that was indicative of a primary tumor was observed, and multiple nodules were also noted in the lymph nodes and liver. Moreover, CS revealed a circumferential type 2 tumor at the hepatic flexure of the transverse colon. Biopsy results revealed a poorly differentiated adenocarcinoma. The diagnosis was unresectable advanced carcinoma of the transverse colon with lymphangitic carcinomatosis.

Dyspnea was already severe at presentation, and the PaO2/FiO2 ratio had decreased to 244. The patient was diagnosed with respiratory failure and was then admitted. Oxygen therapy was initiated. His respiratory status continued to deteriorate after admission, and dexamethasone 2 mg/day, which is equivalent to prednisolone 13 mg, was started on day 5. The patient was experiencing progressive respiratory failure due to lymphangitic carcinomatosis, and he had an ECOG PS score of 3. At this point, results of the RAS gene analysis were unknown. On day 9, after the risk had been fully explained to the patient and his family, FOLFOXIRI therapy was initiated (irinotecan 165 mg/m^2^, oxaliplatin 85 mg/m^2^, infusion with 5-FU 3,200 mg/m^2^, and leucovorin 200 mg/m^2^). However, his respiratory status did not improve after receiving FOLFOXIRI therapy, and the PaO2/FiO2 ratio was 236. As the RAS genotype was found to be wild type, on day 17 panitumumab 6 mg/kg was added to his treatment. On day 23, his treatment was switched to FOLFIRI plus panitumumab for the second course of therapy, and his dyspnea gradually improved (PaO2/FiO2 ratio =338); on day 33, his ECOG PS score improved to 1. This treatment sufficiently improved the patient's subjective symptoms, and he was discharged on day 41. Response evaluation CT scan after the second course showed that the ground-glass shadows in both lungs had disappeared, and significant improvement in the thickening of the bronchovascular bundles and peripheral interlobular septa was observed ([Figure 2B](#f2-ott-12-2089){ref-type="fig"}). After the fourth course, clinical complete remission of lymphangitic carcinomatosis had been achieved ([Figure 2C](#f2-ott-12-2089){ref-type="fig"}). Tumor shrinkage of the target lesions was also noted ([Figure 2D--F](#f2-ott-12-2089){ref-type="fig"}), and no new lesion appeared. Along with the clinical complete remission of lymphangitic carcinomatosis, which is one of the non-target lesions, a partial response was observed after the initiation of combination anti-EGFR antibody therapy according to the RECIST 1.1 criteria. Eight months after the start of treatment, recurrence of lymphangitic carcinomatosis was not observed.

Discussion
==========

The Pan-Asian Adapted European Society for Medical Oncology (ESMO) Consensus Guidelines state that clinical evaluation must first be conducted when treating patients with advanced colorectal cancer.[@b3-ott-12-2089] If a patient is eligible for chemotherapy, then treatment strategy is chosen, with the therapeutic goal of either cytoreduction or disease control. Respiratory failure due to lymphangitic carcinomatosis makes it extremely challenging to determine whether cancer drug therapy is indicated based on the patient's systemic condition. However, if a patient is eligible for chemotherapy, cytoreduction is set as the goal due to its urgency.

Both of our patients had ECOG PS scores of 3 at the time of definitive diagnosis. Drug therapy for solid tumors is usually only provided to patients with an ECOG PS score of 0--2, and its therapeutic indications for patients with an ECOG PS score of 3 are limited. In patients with a poor general condition (an ECOG PS score of 3 or 4), the risk of treatment-related death is high.[@b4-ott-12-2089],[@b5-ott-12-2089] However, in both of our patients, a poor PS was due to the presence of lymphangitic carcinomatosis; we believed that if lymphangitic carcinomatosis could be controlled, their PS was more likely to improve. In general, first-line, combination molecular targeted drug therapy is frequently used to treat patients with colorectal carcinoma due to a high response rate. In cases similar to our patients, the high sensitivity and immediate response to cancer drug therapy for primary carcinoma is important. If such therapy is available, then eligible patients can receive the therapy.

A pooled analysis of the prognostic and predictive value by the location of the primary colorectal carcinoma lesion (left-sided versus right-sided) for the treatment of patients with wild-type RAS was conducted.[@b6-ott-12-2089] In this report, the benefit of combination anti-EGFR antibody therapy was limited in the treatment of patients with right-sided carcinoma. According to the ESMO Consensus Guidelines based on this analysis, the following treatment algorithm is used, depending on the location of the primary colorectal carcinoma lesion. For patients with wild-type RAS in whom the goal is cytoreduction, the recommended treatment for left-sided carcinoma is two cytotoxic chemotherapy agents plus an anti-EGFR antibody; meanwhile, the recommendation for right-sided carcinoma is either three cytotoxic chemotherapy agents or two of such agents plus bevacizumab. Three cytotoxic chemotherapy agents plus bevacizumab might have been an effective treatment option for patient 2 who had right-sided carcinoma.

The results of the FIRE-3 and the PEAK trials are also important, which indicate that anti-EGFR antibodies may result in early tumor shrinkage and depth of response.[@b7-ott-12-2089],[@b8-ott-12-2089] In patients with respiratory failure due to lymphangitic carcinomatosis, an early response to treatment is essential, and we considered that anti-EGFR antibodies would provide rapid, deep tumor shrinkage. The efficacy of combination therapy, including treatment with anti-EGFR antibody, among Japanese patients in the JACCRO CC-05/06 trials was investigated.[@b9-ott-12-2089],[@b10-ott-12-2089] An additional study based on those trials has found that some patients with right-sided carcinoma may also benefit from the addition of an anti-EGFR antibody.[@b11-ott-12-2089] Based on such findings, both patients were treated with an anti-EGFR antibody. As a result, dyspnea immediately improved even in patient 2, who had right-sided carcinoma, and complete remission of lymphangitic carcinomatosis was achieved.

Conclusion
==========

Respiratory failure due to lymphangitic carcinomatosis is a so-called oncologic emergency that requires urgent treatment. In such cases, the treatment strategy must be considered not only with respect to simple data on the location of the primary colorectal carcinoma lesion, which may provide a surrogate for its oncobiological characteristics, but also in light of the pharmaceutical characteristics. We used combination anti-EGFR antibody therapy to treat two patients with colorectal carcinoma who had respiratory failure due to lymphangitic carcinomatosis at the time of diagnosis, but achieved complete remission of the lymphangitic carcinomatosis. In oncologic emergencies requiring an early response to treatment, the rapid and deep tumor shrinkage provided by anti-EGFR antibodies may be a highly effective treatment option.
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